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(5) Turbine with variable inlet geometry. 



(57) A variable geometry turbine comprises a 
housing (1) including an annular cavity (19) 
which supports a moveable annular wall mem- 
ber (5). An annular inlet passageway (4) is de- 
fined between a face of the moveable wall 
member (5) and a facing wall (6) of the housing 
(1). The moveable wall member (5) is moveable 
so as to vary the width of the inlet passageway 
(4). Gas tight seals (20, 21) are provided be- 
tween the wall member (5) and radially inner 
and outer surfaces of the cavity (19) and aper- 
tures (24) are provided through the face of the 
annular wall member (5). The arrangement is 
such that the pressure difference between the 
cavity (19) and the inlet passageway (4) is re- 
duced so that the total axial load on the wail 
member (5) due to gas flow through the inlet 
passageway (4) is reduced. 
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The present invention relates to a variable geom- 
etry turbine, particularly, but not exclusively, for use 
in an internal combustion engine. 

Turbines generally comprise a turbine wheel 
mounted in a turbine chamber, an inlet passageway 
extending radially inwards towards the turbine cham- 
ber, an inlet chamber arranged around the radially 
outer end of the inlet passageway, and an outlet pas- 
sageway extending axially from the turbine chamber. 
The passageways and chamber communicate such 
that pressurized gas admitted to the inlet chamber 
flows through the inlet passageway to the outlet pas- 
sageway via the turbine chamber, thereby driving the 
turbine wheel. In the case of a turbo charger for an in- 
ternal combustion engine, the turbine wheel drives a 
shaft which in turn drives a rotary compressor. 

In a variable geometry turbine, one wall of the in- 
let passageway is provided by a moveable wall mem- 
ber the position of which is adjustable, relative to a 
facing wall of the inlet passageway, to control the 
width of the inlet passageway. A variety of actuation 
mechanisms, including hydraulic and mechanical, 
have been proposed to control the position of the 
moveable wall member. 

For example, US patent number 5,044,880 de- 
scribes a variable geometry turbine in which the 
moveable wall member is annular and formed from a 
sheet material, and is mounted within an annular cav- 
ity in the turbine housing. The wall member has a tub- 
ular portion extending from the radially outermost 
periphery of the wall member and away from the fac- 
ing wall of the housing. A gas tight seal is disposed be- 
tween the tubular portion and the turbine housing to 
prevent gas leaking from the inlet passageway to the 
space behind the annular wall member. Such leakage 
would impair the efficiency of the turbine. 

In a variable geometry turbine, when the volume 
of exhaust gas being delivered to the turbine is rela- 
tively low, the velocity of the gas reaching the turbine 
is maintained at a level which ensures efficient tur- 
bine operation by narrowing the annular inlet passa- 
geway. Vanes extending across the inlet passageway 
direct the gas flow into the wheel. As the passageway 
narrows, for any given volume of gas flow, the speed 
of the inlet gas passing through the inlet passageway 
increases. Thus the radial pressure gradient across 
the face of the moveable wall member, from its up- 
stream periphery to its downstream periphery, in- 
creases as the passageway narrows. Assuming that 
the radially outer edge of the moveable wall member 
is sealed to prevent gas leaking behind the wall mem- 
ber, the pressure behind the wall member will be low- 
er than the pressure on the radially outer portions of 
the face of the moveable wall member. This pressure 
difference results in high loads on the wall member. 
For example, in a turbine for a ten litre internal com- 
bustion engine, a load of 80kg can be applied to the 
movable wall member when the passageway width is 



a minimum. When braking, the pressure difference 
can be as high as 5 bar, resulting in a level as high as 
200kg. These loads must be borne by the actuation 
system. 

5 In addition to the disadvantageous effect on the 

control of the position of the moveable wall member, 
the high loads produced on the face of the wall mem- 
ber can increase wear and increase the complexity 
and cost of the overall turbine which must be con- 

10 structed to handle the high loads produced. 

It is an object of the present invention to provide 
a variable geometry turbine which obviates or miti- 
gates the above disadvantages. 

According to the present invention there is provid- 

15 ed a variable geometry turbine comprising a turbine 
wheel supported in a housing, an annular inlet passa- 
geway extending radially inwards towards the turbine 
wheel, wherein the annular inlet passageway is de- 
fined between an annular wall of a moveable wall 

20 member and a facing wall of the housing, the move- 
able wall member is moveable relative to the housing 
to vary the width of the inlet passageway, the move- 
able wall member is mounted within an annular cavity 
provided within the housing, radially inner and outer 

25 peripheries of the moveable wall member are sealed 
with respect to the cavity, and apertures are provided 
through said annular wall of the wall member whereby 
the cavity is in fluid communication with the inlet pas- 
sageway. 

30 As discussed above, in relation to the prior art, 

the increase in overall load on the face of the move- 
able wall member as the inlet passageway is closed 
is due to an increase in the radial pressure gradient 
across the face of the moveable wall defining the inlet 

35 passageway. In the present invention the provision of 
apertures through the moveable wall allows inlet gas 
to pass through the wall member into the cavity in the 
housing. The pressure of the gas within the cavity, 
which will be substantially equal to the pressure act- 

40 ing on the face of the moveable wail at the location of 
the apertures, reduces the overall pressure differ- 
ence across the wall and thus reduces the resultant 
load on the wall member. 

It is important that the moveable wall member is 

45 sealed with respect to the housing so that the cavity 
in the housing is sealed off from the inlet passageway 
except through the apertures provided in the wall 
member. This ensures that the pressure of the gas 
within the cavity is substantial equal to the static pres- 

50 sure acting on the face of the moveable wall at the lo- 
cation of the apertures. For instance if there is no seal 
between the inner radial edge of the moveable wall 
and the cavity, the pressure within the cavity will be 
substantially equal to the downstream pressure of the 

55 inlet gas and the load reducing effect will be lost. 

The moveable wall member is provided with inner 
and outer annular flanges extending axially from the 
radially innermost and outermost peripheries of the 
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wall member and in a direction away from said facing 
wall, and seals are disposed between the flanges and 
inner and outer surfaces of the cavity. 

Preferably at least one seal is supported within an 
annular groove provided in an internal surface of the 
cavity. 

Preferably at least one seal is supported within an 
annular groove provided in the radially outer periph- 
ery of the moveable wall member. 

In a preferred embodiment of the present inven- 
tion, the moveable wall member supports vanes 
which extend into the inlet passageway and said 
apertures are provided between adjacent vanes. 

Preferably the said facing wall of the turbine 
housing is provided with an annular recess to receive 
said vanes as the annular wall member is moved to- 
wards the facing wall. 

The annular recess is preferably covered by a 
cover provided with slots to receive said vanes. 

A specific embodiment of the present invention 
will now be described, by way of example, with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is an axial cross-section of a variable ge- 
ometry turbine in accordance with the present in- 
vention; and 

Figure 2 is a cross section of a part of the turbine 
of Figure 1 showing the moveable wail member in 
a different position to that shown in Figure 1 . 
Referring to the drawings, the illustrated variable 
geometry turbine comprises a turbine housing 1 de- 
fining a volute or inlet chamber 2 to which gas from 
an internal combustion engine (not shown) is deliv- 
ered. The exhaust gas flows from the inlet chamber 
2 to an outlet passageway 3 via an annular inlet pas- 
sageway 4 defined on one side by the face of a mov- 
able annular wall member 5 and on the opposite side 
by an annular shroud 6 which covers the opening of 
an annular recess 7 defined in the facing wall of the 
housing 1 . 

The movable annular wall member 5 supports an 
array of circumferentially spaced vanes each of which 
extends across the inlet passageway, through a suit- 
ably configured slot in the shroud 6, and into the re- 
cess 7. 

Gas flowing from the inlet chamber 2 to the outlet 
passageway 3 passes over a turbine wheel 9 and as 
a result torque is applied to a turbocharger shaft 10 
which drives a compressor wheel 11. Rotation of the 
compressor wheel 11 pressurises ambient air present 
in an air inlet 12 and delivers the pressurised air to an 
air outlet or volute 13 from which it is fed to an internal 
combustion engine (not shown). The speed of the tur- 
bine wheel 9 is dependent upon the velocity of the gas 
passing through the annular inlet passageway 4. For 
a fixed rate of flow of gas, the gas velocity is a func- 
tion of the width of the inlet passageway 4, which can 
be adjusted by controlling the axial position of the 
movable wall members. In the drawings, Fig. 1 shows 



the annular inlet passageway closed down to a mini- 
mum width whereas in Fig. 2 the inlet passageway is 
shown fully open. As the width of the inlet passage- 
way 4 is reduced the velocity of the gas passing 

5 through it increases. 

Movement of the annular wall member 5 may be 
controlled by any suitable actuation means such as, 
for instance, that disclosed in U.S. Patent No. 
5,044,880. In the illustrated example the actuation 

10 mechanism is based substantially on that of the afore- 
mentioned U.S. patent the movable wall member 5 
being mounted on axially extending pins 14 (only one 
of which is shown in the drawings) the position of 
which is controlled by a stirrup member 15 (shown in 

15 dotted line) which is linked to a pneumatically operat- 
ed actuator 1 6. Further details of the actuator system 
will not be discussed here as they are not relevant to 
the subject of the present invention. 

The movable annular wall member 5 has axially 

20 extending inner and outer annular flanges 1 7 and 1 8 
respectively which extend into an annular cavity 19 
provided in the turbine housing. Inner and outer seal- 
ing rings, 20 and 21 respectively, are provided to seal 
the wall member 5 with respect to inner and outer an- 

25 nular surfaces of the annular cavity 1 9 whilst allowing 
the annular wall member 5 to slide within the annular 
cavity 19. The inner sealing ring 20 is supported with- 
in an annular groove 22 formed in the inner surface 
of the cavity 19 and bears against the inner annular 

30 flange 17 of the wall member 5, whereas the outer 
sealing ring 21 is supported within an annular groove 
23 provided within the annular flange 18 of the wall 
member 5 and bears against the radially outermost in- 
ternal surface of the cavity 19. It will be appreciated 

35 that the inner sealing ring 20 could be mounted in an 
annular groove in the flange 17 rather than as shown. 
Such an arrangement might make assembly easier. 

The wall member 5 is provided with a number of 
apertures 24 disposed between adjacent pairs of 

40 vanes 8 by means of which the face of the wall mem- 
ber 5 which defines the annular inlet passageway 4 
is in fluid communication with the cavity 19, which is 
otherwise sealed off from the inlet passageway 4 by 
the sealing rings 20 and 21. 

45 When in use with exhaust gas passing through 

the inlet passageway 4, static pressure will be applied 
to the face of the annular wall member 5 tending to 
force the annular wall member 5 into the cavity 1 9. 
The effect of this pressure must be overcome by the 

50 actuating mechanism if the position of the wall mem- 
ber 5 is to be accurately controlled. Moving the wall 
member 5 closer to the facing wall 6 of the housing, 
so as to further reduce the width of the annular pas- 
sageway 4 and increase the speed of the air flowing 

55 through the annular inlet passageway 4, tends to in- 
crease the load applied to the face of the wall member 
5. However, the provision of the apertures 24 through 
the wall member 5 ensures that the pressure in the 
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cavity 19 is equal to the static pressure applied to the 
face of the wall member 5 at the location of the aper- 
tures 24, and thus by appropriate positioning of the 
apertures 24 the resultant load on the wall member 
may be significantly reduced. 

The load reducing effect of the apertures 24 will 
depend upon their size and number and exact loca- 
tion and may be varied for different applications and 
where the turbines have different characteristics. 

A further consideration which is preferably taken 
into account when selecting the disposition of the 
apertures 24 is that it is undesirable for the pressure 
difference across the wall member 5 to change from 
a resultant in one axial direction to a resultant in the 
opposite axial direction as this might cause instability 
in the control of the position of the wall member 5. It 
will be appreciated that as the moveable wall member 
moves relative to the housing the pressure within the 
cavity 19 will not precisely track the load applied by 
the gas in the variable inlet passageway 4. It is pre- 
ferable to locate the apertures 24 such that the resul- 
tant force on the moveable member 5 is always in one 
axial direction, even if as a result the resultant force 
is not minimised. 

Alternative sealing means to those illustrated 
may be provided to seal the movable wall member 
within the cavity. More than one seal may be provided 
between either the inner or outer peripheries of the 
wall member 5 and the housing 1. The seals may be 
for example piston ring type seals of rectangular cross 
section with a gap in their circumference so that they 
can expand or contract into a suitable groove. Alter- 
natively, the seals may be double wound seals form- 
ing a spring-like structure. The seals may be inspring- 
ing so as to be suitable for location in a groove in an 
inwardly facing surface, or outsp ringing so as to be 
suitable for location in a groove in an outwardly facing 
surface. 



2. A variable geometry turbine according to claim 1 , 
wherein the moveable wall member is provided 
with inner and outer annular flanges extending 
axially from the radially innermost and outermost 
5 peripheries of the wall member and in a direction 

away from said facing wall, and seals are dis- 
posed between the flanges and inner and outer 
surfaces of the cavity. 

10 3. A variable geometry turbine according to claim 1 
or 2, wherein at least one seal is supported within 
an annular groove provided in an internal surface 
of the cavity. 

15 4. A variable geometry turbine according to any pre- 
ceding claim, wherein at least one seal is support- 
ed within an annular groove provided in the radi- 
ally outer periphery of the moveable wall mem- 
ber. 

20 

5. A variable geometry turbine according to claim 1, 
wherein the moveable wall member supports 
vanes which extend into the inlet passageway 
and said apertures are provided between adja- 

25 cent vanes. 

6. A variable geometry turbine according to claim 5, 
wherein the said facing wall of the turbine hous- 
ing is provided with an annular recess to receive 

30 said vanes as the annular wall member is moved 

towards the facing wall. 

7. A variable geometry turbine according to claim 6, 
wherein said annular recess is covered by a cover 

35 provided with slots to receive said vanes. 

8. A variable geometry turbine substantially as 
hereinbefore described, with reference to the ac- 
companying drawings. 

40 



20 



25 



Claims 

1. A variable geometry turbine comprising a turbine 
wheel supported in a housing, an annular inlet 
passageway extending radially inwards towards 45 
the turbine wheel, wherein the annular inlet pas- 
sageway is defined between an annular wall of a 
moveable wall member and a facing wall of the 
housing, the moveable wall member is moveable 
relative to the housing to vary the width of the in- so 
let passageway, the moveable wall member is 
mounted within an annular cavity provided within 
the housing, radially inner and outer peripheries 
of the moveable wall member are sealed with re- 
spect to the cavity, and apertures are provided 55 
through said annular wall of the wall member 
whereby the cavity is in fluid communication with 
the inlet passageway. 
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